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Abstract 
Since energy is unavoidable source in production process, the rapid increase in oil price leads to several economic 
problems such as security of energy supply, rising foreign-dependency, increase in energy bills, current account 
deficit and a decrease in economic growth. Therefore countries aspire to energy diversification in energy 
consumption since the oil shock of 1973. In this context use of natural gas instead of oil is a policy tool. So this 
study examines the causal relations among the rate of natural gas consumption to oil consumption, economic growth 
and current account balance for 11 OECD countries (Australia, Finland, France, Germany, Greece, South Korea, 
Mexico, Netherland, Switzerland, United Kingdom and United States. and the period of 1980–2012.  The panel data 
causality test developed by Konya (2006) was used since it is good enough to account for both cross-sectional 
dependency and heterogeneity among the countries in the sample. Furthermore the method estimated country 
specific critical values using bootstrap simulation. According to achieving findings, there is unidirectional causal 
relation from the ratio of natural gas/oil consumption to current account balance for Switzerland. A one way causal 
nexus was found from the ratio of natural gas/oil consumption to economic growth in the case of South Korea and 
Netherland. There is unidirectional causal relation from economic growth to the ratio of natural gas/oil consumption 
in the pattern of Switzerland. Lastly no causal nexus found from current account balance to the ratio of natural 
gas/oil consumption. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Energy has been one of the most indispensable resources of countries throughout the history. Since 1750 when 
economic development gained speed along with industrialisation, locomotive power of industry is energy. For a 
long time, primary energy resources have been oil, coal and natural gas for human beings. Likewise, the most 
common fossil resources are oil, coal and natural gas.  
Fossil fuels, which accumulate in different regions of the world, have different economic results on the part of 
supplying and demanding countries. While oil was the most favourite resource until the second half of the 20th 
century, the 1973 oil crisis led to discussions over its reflections on the world economy. Increasing oil prices and 
limited supply policies caused important changes in the economic growth and current account deficit, especially in 
the oil dependent countries. Following the 1973 oil crisis, the number of studies on such issues as oil consumption, 
energy use, foreign energy dependence, economic growth and current deficit started to increase. These studies aimed 
at not only revealing the impacts of oil or coal on the economy but also putting forward alternative energy resources 
along with their impacts on the economy. 
Searches on the alternative energy resources led to changes in the composition of the existing types of energy. While 
the usage rates of oil and coal, which fall under the category of fossil fuels, have gradually declined in the last 20-30 
years, that of natural gas, which is considered to be more environment-friendly, has been increasing.  
In 2011, crude oil, which has strategic position among primary energy resources, met 33.1 % of the world energy 
need while natural gas met 23.8 %. According to the estimates of International Energy Agency on energy for the 
year 2040, significant increases are expected in the coal and natural gas demands. In these estimates, gas and non-
fossil fuels are thought to have the most significant share in the world energy demand. Changes and expectations in 
the world energy consumption are indicated in the following Graphic 1. 
Graphic 1: World Energy Consumption between 1990 and 2040 (QuadrillionBtu) 
 
Source: U.S. Energy Information Administration, International Energy Outlook, 2012. 
The share of OECD countries in the world energy demand is 45 % by 2010. On the other hand, the share of non-
OECD countries started to increase after 2010. Prior to 2010, there was not a significant difference between the 
consumption levels of OECD countries and non-OECD countries. In parallel to the developments seen in world 
energy diversity in the last 30 years, changes are also seen in the energy composition in OECD countries. Although 
oil has a significant share strategically, the use of natural gas has steadily increased. The situation for countries 
addressed in the study can be seen in the following Graphic 2. As it is understood from the graphic, while the share 
of oil in the consumption slightly changed after 1990, the share of natural gas has constantly increased. 
Graphic 2: Oil and Natural Gas Consumption for 11 OECD Countries 
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Source: EIA, U.S. Energy Information Administration 
 
When the natural gas reserves of the world are examined, it is seen that the reserves of OECD countries are limited. 
Information on the reserves is given in the following Graphic 3. 
Graphic 3: Natural Gas Reserves in the World 
 
Source: U.S. Energy Information Administration, International Energy Outlook, 2012. 
 
As it is clear in Graphic 3, OECD countries apart from those located in America have the least amount of reserves. 
This shows that these countries are mostly foreign-dependent in the gas consumption. Foreign dependence can have 
an obvious impact on the economic growth and current deficit. In this framework, the impact of transition from oil 
to natural gas on the economic growth and current deficit between 1980 and 2012 in 11 OECD countries (Australia, 
Finland, France, Germany, Greece, South Korea, Mexico, Netherland, Switzerland, United Kingdom and United 
States of America) which were selected on the basis on data set was analysed through panel causality test. 
 
2. Empirical literature 
Empirical literature about the relationship between energy, economic growth and current account balance is 
summarized in Table 1.  
Studies Countries Methodology Period Result 
Kraft&Kraft (1978) USA Sims 1947-1974 GNP→E 
Yu & Choie (1985) USA 
UK 
Poland 
S.Korea 
Phillippines 
Sims,Granger 1950-1976 -Gas→GNP forUK 
-Liquid Fuels→GNP for S.Korea 
-E→GNP for Philippines  
-GNP→E for S. Korea 
 
Erol & Yu (1987) USA Sims 1/1973-
6/1984 
Monthly 
No Relation 
Nachane at al (1988) 16 Countries 
(11 LCDs, 5 DCs) 
Granger, Sims and 
Cointegration 
1950-1985 E ↔ GDP for 14 Countries 
Hoa (1993) Thailand Cointegration 1/1966-
1/1991 
Quartely 
Oil↔GDP  
Altınay&Karagöl 
(2004) 
Turkey Hsiao’s Granger 1950-2000 No Relation 
Ghali&El-Sakka 
(2004) 
Canada Cointegration&ECM 1961-1997 E ↔ GDP 
Lee (2005) 18 Devoloping 
Countries 
Panel 
Cointegration&ECM 
1975-2001 E→GDP for All Countries 
0.0 
50.0 
100.0 
1980 1990 2000 2010 
Petroleum 
Natural Gas 
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Chontanawat at al 
(2006) 
30 OECD 
78 Non-OECD 
Countries 
Panel Causality -1960-2000 
for OECD 
Countries 
-1971-2000 
Non-OECD 
Countries 
 
E ↔ GDP More Stronger for OECD Countries 
Apergis and Payne 
(2010) 
20 OECD Countries Granger 1985-2005 RE↔GDP for All Countries 
 
Güvenek and 
Alptekin (2010) 
25 OECD Countries Panel Causality 1980-2005  E ↔ GDP 
Yanar (2011) Turkey Cointegration 1975-2009 E→GDP and GDP↔CA 
Ersoy (2012) OECD Countries Cointegration 1987-2007 E ↔ GDP 
E: Total Energy Consumption,GDP: Gross Domestic Product,GNP: Gross National Product, RE: Renewable Energy, CA: Current Account 
Deficit. 
 
3. The model specification and data 
In this study, the estimated models are shown in the following equations. 
           (1) 
             (2) 
            (3) 
In the model, GDP symbolizes the rate of growth, G/P symbolizes ratio of natural gas consumption to petroleum 
consumption, CA symbolizes the GDP ratio of current deficit.N is the number of countries (j=1,…, N), t is the time 
period (t=1,…, T),and p is the lag length.  N is 11 and includes Australia, Finland, France, Germany, Greece, South 
Korea, Mexico, Netherland, Switzerland, United Kingdom and United States. The time period is between 1980 and 
2012. Schwarz Bayesian Criterion chooses the lag lengths. 
Since each equation in the system has different predetermined variables and the error terms might be cross-section 
ally dependent, the sets of equations are the SUR system. To test for Granger causality, alternative causal relations 
are likely to be found for country j. Firstly, there is one-way Granger causality from CA to G/P if not all θ1i’s are 
zero, but all β3i’s are zero. Secondly, there is unidirectional Granger causality from G/P to CA if all θ1i’s are zero, 
but all β3i’sare not zero. Thirdly, there is bidirectional Granger causality between CA to G/P if both θ1i’sand β3i’sare 
not zero. Lastly, there is no Granger causality between G/P to CA if all θ1i’sand β3i’s are zero. Similarly the causal 
relations between G/P and GDP can be tested.  
 
4. The methodology and findings 
The followed methodology in this study consists of three steps. In the first step, whether the SUR estimators more 
efficient than the OLS estimators was analysed. If there is contemporaneous correlation in the system, the SUR 
estimators are more efficient than the OLS estimators (Zellner, 1962). The Monte Carlo experiment carried out by 
Pesaran (2006) emphasizes the importance of testing for the cross-sectional dependence in a panel data study and 
also illustrates the substantial bias and size distortions when cross-sectional dependence is ignored. Therefore, our 
empirical approach starts with examining the existence of cross-sectional dependency across the countries in 
concern. 
To test for cross-sectional dependency, Breusch and Pagan (1980) and Peseran (2004) proposed   Lagrange 
multiplier test. However the later test is suitable when N is large and T is small. In the context of large T and small 
N, the following Lagrange multiplier test statistic proposed by Breusch and Pagan (1980) can be used to test for 
cross-sectional dependence: 
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Whereis the estimated correlation coefficients among theresiduals obtained from individual OLS estimations. The 
statistic has chi-square asymptotic distribution with N(N-1)/2 degrees of freedom, under thenull hypothesis of cross-
sectional independency with a fixed Nand time period T→∞.Result of the Breusch and Pagan test is depicted in 
Table 1. Furthermore, the heterogeneity in estimated parameters for each individual of panel in order to impose a 
restriction for the causal relationship should be taken into account, since the causality from one variable to another 
variable by imposing the joint restriction for whole panel is the strong null hypothesis (Granger, 2003).Country 
specific characteristics lead to vary from assumption of the homogeneity for the parameters in a panel data setting 
(Breitung, 2005). Whereas, in many economic relationship such as energy consumption and economic growth 
nexus,it is highly possible to find out that while a significant relationship may exist in some countries, vice versa 
may also be true in some other countries. To test the group wise heteroskedasticity, the modified WALD test, which 
has a null hypothesis of homoscedasticity of the residuals, was employed.  
Table 1. Cross-sectional Dependency and Homoscedasticity 
CD Test Test.Stat.: 301.008 p-value:  0.0000 
Modified WALD 
Test Test.Stat.:  939.07 p-value:  0.0000 
The result in Table 1 indicate that the null hypothesis of cross-sectional independency is rejected, which provides 
strong evidence on the existence of the cross-sectional dependency across eleven OECD countries. Also, the 
modified WALD test rejects the null hypothesis of homoscedasticity. Having cross-sectional dependency and 
heterogeneity across countries, we need to apply a causality method, which is able to capture these features. In this 
regard, the panel causality approach proposed by Konya (2006) seems to be an appropriate method, which is good 
enough to account for both cross-sectional dependency and heterogeneity. 
In the second step, the sets of equations (Eq. 1, Eq. 2 and Eq. 3) are estimated with SUR method and in the laststep, 
following Konya (2006), the country-specific bootstrap critical values are produced.  
The results from the panel Granger causality analysis are reported in Table 2. 
Countries H0: Gas/ Petroleum Ratio does not cause growth H0: Growth does not cause Gas/ Petroleum Ratio 
WALD Stat Bootstrap Critical Values WALD Stat Bootstrap Critical Values 1% %5 10% 1% %5 10% 
Australia 0.76 11.57896 6.36589 4.36126 0.1019 16.83361 8.27749 5.46447 
Finland 0.54 18.52542 10.42288 6.97765 0.1195 14.28963 7.52632 5.25431 
France 4.81 15.30591    8.59279 5.89741 1.8891 13.43172 7.18304 5.21619 
Germany 4.49 14.96366 8.15143 5.62353 0.2909 14.32138 7.66937 5.21954 
Greece 2.39 18.37604 10.67043 7.46597 0.5235 14.42596 7.99661 5.46381 
South Korea 19.77* 12.19108 6.73200 4.58814 1.0780 22.63279 9.96214 5.82825 
Mexico 0.26 13.97603 7.23085 4.99420 1.2264 14.73436   7.79652 5.38498 
Netherland 9.38*** 19.59952 10.63950 7.43347 2.8196 15.89553 8.19595 5.55325 
Switzerland 0.52 15.11071 8.35838   5.67427 7.3384*** 14.73453 7.76994 5.46248 
UK 0.88 16.97806 8.79403 6.06846 0.4452 15.08143 8.31509 5.53990 
USA 0.64 17.46456 9.64733 6.61214 0.6830 13.53580 7.48910 5.22473 
The critical values were based on bootstrapped distribution with 10,000 replications. *indicates the rejection of the null hypothesis at 1% level of 
significance. *** indicates the rejection of the null hypothesis at and 10% level of significance. 
 
Countries H0: Gas/ Petroleum Ratio does not Current Balance H0: Current Balance does not cause Gas/ Petroleum Ratio 
WALD Stat Bootstrap Critical Values WALD Stat Bootstrap Critical Values 1% %5 10% 1% %5 10% 
Australia 0.7902 14.46596 8.18042 5.69380 5.1088 17.13672 9.50014 6.47674 
Finland 0.3586 25.46845 15.12242 11.0235 0.9013 16.93804 9.73990 6.71357 
France 2.6755 22.46797 13.58229 9.66185 1.4551 16.06880   8.96979 6.19450 
Germany 2.2898 24.42142 14.34600 10.1588 0.2980 17.14992 9.12265 6.19331 
Greece 0.2106 18.63817     10.34175 7.09684 0.2290 14.17017 7.66707 5.33857 
South Korea 1.9540 14.70282 7.77771 5.41171 0.5780 16.40281 8.77920 5.93977 
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Mexico 0.1869 15.83981   8.85251 6.04917 1.0310 17.69919 8.91606 6.05151 
Netherland 3.2233 19.61798 10.57465 7.52618 4.7977 17.67476 9.78012 6.82393 
Switzerland 22.1354* 17.01322 10.00908 7.13668 0.1289 19.53876 10.37622  7.27733 
UK 0.7141 20.91248 12.21269 8.61053 1.0692 16.71844 9.01344 6.25702 
USA 0.5298 20.21675 10.72132 7.38244 1.1903 19.79421 11.29170 8.15731 
The critical values were based on bootstrapped distribution with 10,000 replications. *indicates the rejection of the null hypothesis at 1% level of 
significance. *** indicates the rejection of the null hypothesis at and 10% level of significance. 
 
5. Conclusion 
In the econometric analyses, causality relations between the rate of using oil/natural gas and current account 
balance, natural gas/oil consumption and economic growth, economic growth and natural gas/oil consumption and 
current account balance and natural gas/oil consumption were investigated. 
According to achieving findings, there is unidirectional causal relation from the ratio of natural gas/oil consumption 
to current account balance for Switzerland. A one way causal nexus was found from the ratio of natural gas/oil 
consumption to economic growth in the case of South Korea and Netherland. There is unidirectional causal relation 
from economic growth to the ratio of natural gas/oil consumption in the pattern of Switzerland. Lastly no causal 
nexus found from current account balance to the ratio of natural gas/oil consumption. Although the findings do not 
reveal a causality relation for the whole period examined and all the countries addressed in the study, they report 
that policy changes have become influential in certain countries. 
  
References 
 
Altinay, G., Karagol, E. (2004) “Structural Break, Unit Root, and the Causality between Energy Consumption and GDP in Turkey”, Energy 
Economics 26: 985-994.  
Apergis P., Payne J., (2010) “Renewable Energy Consumption and Economic Growth: Evidence from a Panel of OECD Countries”, Energy 
Policy 38 (1):  656-660. 
Breitung, J. (2005) “A Parametric Approach to the Estimation of Cointegration Vectors in Panel Data”, Econometric Reviews 24 (2), 151–173. 
Breusch, T., Pagan, A. (1980) “The Lagrange Multiplier Test and Its Application to Model Specifications in Econometrics”, Reviews of 
Economics Studies 47, 239–253. 
Chontanawat J., Hunt L.C. and Pierse R. (2006) “Causality Between Energy Consumption and GDP: Evidence from 30 OECD and 78 Non-
OECD Countries”, Surrey Energy Economics Discussion Papers. 
EIA, U.S. Energy Information Administration, International Energy Outlook, 2012. 
Erol, U., Yu, E. S. H. (1987) “Time Series Analysis of the Causal Relationships between U.S. Energy and Employment”, Resources and Energy 
9: 75-89.  
Ersoy A. (2012) “Econometric Model Economic Growth Based Energy Consumption in OECD Countries”, Ç.Ü. SBE Journal 21(1): 339-356.  
Ghali,K.H., El-Sakka,M.I.T. (2004) Energy Use and Output Growth in Canada: A Multivariate Cointegration Analysis.Energy Economics 26: 
225-238.  
Granger, C.W.J. (2003) “Some Aspects of Causal Relationships”, Journal of Econometrics 112, 69–71. 
Güvenek B., Alptekin V. (2010) “Energy Consumption and Economic Growth: A Panel Data Analyses for OECD Countries”, Enerji, Piyasa ve 
Düzenleme 1 (2): 172-193. 
Hoa, T. V. (1993) “Effects of Oil on Output Growth and Inflation in Developing Countries: The Case of Thailand from January 1966 to January 
1991”, International Journal of Energy Research 17: 29-33.  
Kónya, L. (2006) “Exports and Growth: Granger Causality Analysis on OECD Countries with a Panel Data Approach”, Economic Modelling 23: 
978–992. 
Kraft, J., Kraft, A. (1978) “Note and Comments : On the Relationship between Energy and GNP”, The Journal of Energy and Development 3: 
401-403.  
Lee, C-C. (2005) “Energy Consumption and GDP in Developing Countries: A Cointegrated  Panel Analysis”, Energy Economics 27: 415-427.  
Nachane, D. M., Nadkarni, R. M., Karnik, A. V. (1988) “Co-integration and Causality Testing of the Energy-GDP Relationship: A Cross-
Country Study”, Applied Economics 20: 1511-1531.  
Pesaran, M.H. (2004) “General Diagnostic Tests for Cross Section Dependence in Panels”, CESifo Working Paper 1229; IZA Discussion Paper 
1240.[970]. 
Yanar R., Kerimoğlu G. (2011) “Energy Consumption, Economic Growth and Current Account Deficit Relations in Turkey”, Ekonomi Bilimleri 
Dergisi, 3(2):191-201.  
Yu, E. S. H., Choi, J. Y. (1985) “The Causal Relationship between Energy and GNP : An International Comparison”, Journal of Energy and 
Development 10(2): 249-272. 
Zellner, A. (1962) “An Efficient Method of Estimating Seemingly Unrelated Regressions and Tests for Aggregation Bias”, Journal of the 
American Statistical Association 57, 348–368. 
 
 
